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Abstract 

Chordoma is a rare bone tumor often present in the skull base and spine. In addition, it is not sensitive to radiotherapy 
that surgical resection is of great significance for the treatment of chordoma. Residual tumors that cannot be surgi-
cally removed usually lead to tumor recurrence. Studies have shown that chordoma will be accompanied by multiple 
gene mutations, such as PDGFR, EGFR, HER2, VEGFR, and mTOR, and interact with the host immune system to pro-
mote tumor progression. Targeted therapy and immunotherapy can improve the prognosis of chordoma patients to 
some extent. This review focuses on the clinical trials related to targeted therapy, immunotherapy, and chemotherapy 
of chordoma.
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1 Introduction
Chordoma is a rare bone tumor, which originates from 
the residual notochord, accounting for about 1%–4% 
of bone malignant tumors. Although histologically, it is 
considered to be a low-grade tumor, it has a high recur-
rence, and its clinical progress is very similar to malig-
nant tumors (Walcott et al. 2012). The incidence rate of 
chordoma is 0.08/100000, with more males than females. 
The peak time of incidence is 55–60  years old, which 
rarely affects children and adolescents. The primary site 
is mainly in the skull base, active spine, and sacrum. It is 
locally invasive, insensitive to radiotherapy, occult, and 
invades bone and nerve structures. Surgical treatment is 
the main choice (Bryukhovetskiy et  al. 2014). However, 
due to the complex anatomical structure of the spine, 

sacrum, and skull base and the relatively large tumor vol-
ume, complete surgical resection is difficult, the postop-
erative recurrence and metastasis rate is very high, and it 
is not sensitive to radiotherapy. Even with high-dose radi-
otherapy, the effect on tumor control is not significant. 
Chordoma is a genetic heterologous tumor, and the chro-
mosomal region is often out of balance. Highly repetitive 
sequences of the Brachyury gene can be found in tumor 
samples from patients with familial chordoma (Bruce and 
Winklbauer, 2020; Dridi et  al. 2021; Martin and Kimel-
man, 2010; Otani et al. 2018; Robinson et al. 2020; Shen 
et  al. 2011; Yang et  al. 2009; Zhong et  al. 2018), which 
appears in almost all sporadic chordomas. RTKs are key 
targets in the occurrence and development of chordoma 
(Hu et al. 2014), and their mutations can lead to protein 
imbalance. Therefore, mutation analysis and immuno-
histochemistry can help to determine the best inhibitor. 
But interestingly, mutations in molecular targets, such 
as overexpression (Tamborini et al. 2010), are not always 
driven by the activation of corresponding signal path-
ways and may come from the structural regulation of 
molecular networks. The driving gene of chordoma is 
not clear, and the gene regulation tends to be a complex 
reticular structure. At the same time, chordoma inter-
acts with surrounding immune cells such as lymphocytes 
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and macrophages. The immune environment also plays 
an important role in the occurrence and development of 
tumors.

According to the latest NCCN guidelines, the initial 
treatment is surgery with or without radiotherapy, and 
the adjuvant treatment is radiotherapy or reoperation 
for the positive margin of the tumor. For patients with 
local recurrence and metastasis recurrence, treatments 
like surgery, radiotherapy, and systemic treatment can 
be considered, including chemotherapy, targeted ther-
apy, and immunotherapy. The median survival time of 
patients is about 5 to 10 years, and the five-year survival 
rate is about 67%. Therefore, effective adjuvant therapy 
is urgently needed to improve the prognosis of patients 
(Jones et al. 2014). The current clinical trials of targeted 
therapy and immunotherapy have achieved certain clini-
cal benefits, and the safety is acceptable (Fujii et al. 2016), 
which brings a new dawn to the treatment of patients. 
Therefore, this review focuses on summarizing the rel-
evant preclinical and clinical trials in the recent five years 
and systematically combs the clinical management data 
related to the drug treatment of chordoma.

2  Targeted therapy
NCCN guidelines recommend that targeted therapy 
can be used for the systemic treatment of chordoma. 
Imatinib (Adenis et al. 2013; Baldi et al. 2022; Hindi et al. 
2015; Stacchiotti et  al. 2009, 2018), dasatinib (Verma 
et al. 2020), sorafenib (Schuetze et al. 2017; Bompas et al. 
2015), sunitinib, and lapatinib (Lebellec et al. 2016a) have 
shown significant clinical efficacy. Thalidomide (Stac-
chiotti et  al. 2013; Chay et  al. 2011; Rehlinghaus et  al. 
2012) is effective for drug-resistant chordomas, but 
severe toxicity limits its clinical application. Bevacizumab 
can be used as a drug of choice for EGFR-negative chor-
domas after erlotinib resistance.

2.1  PDGFR inhibitor
Imatinib is a specific tyrosine kinase inhibitor targeting 
PDGFR, and it is the first targeted therapeutic drug for 
myeloma. NCCN recommends imatinib monotherapy 
for the first-line treatment of chordoma with local recur-
rence or metastasis. For drug-resistant patients, imatinib, 
cisplatin, or mTOR inhibitors can be used.

A phase II clinical experiment was conducted by stac-
chiotti, s et al. (Schonegger et al. 2005), 50 patients with 
PDGFR-positive chordomas were recruited. All patients 
were treated with imatinib. After treatment, the disease 
stability rate was 70%, the median progression-free sur-
vival (mPFS) time was nine months, and the median 
overall survival (mOS) time was 34 months. Hindi et al. 
(2015). Conducted a retrospective study and recruited 
patients with PDGFR-positive chordoma, who were given 

800 mg of imatinib every day. Among them, 46 patients 
were able to evaluate the treatment response. The median 
treatment time was seven months, and the median fol-
low-up time was 24.5  months. 74% of the patients had 
stable disease (SD). The mPFS was 9.9  months and the 
mOS was 30  months. More than 70% of patients had 
tumor growth arrest. The 18  months progression-free 
survival (PFS) rate of patients was 20%. Side effects from 
common to rare include rash, fluid retention edema, 
chronic anemia, fatigue, as well as subacute brain edema, 
which a few patients could have and affects the vital signs 
of patients significantly.

Dasatinib is a PDGFR and Src inhibitor, which is rec-
ommended by NCCN guidelines for the first-line treat-
ment of locally recurrent and metastatic chordoma. In 
the phase II clinical trial (Verma et  al. 2020), the inves-
tigators recruited patients with locally recurrent and 
metastatic chordomas to receive dasatinib for first-line 
treatment, and 32 patients could evaluate the treatment 
response. Patients had a two-year survival rate of 43% 
and a five-year survival rate of 18%. Fatigue, fever, and 
anorexia are common adverse events.

Sunitinib is a PDGFR and VEGFR-targeted tyrosinase 
inhibitor. In a single-center case review study (Stac-
chiotti et al. 2012), after receiving sunitinib, the patients 
with metastatic chordoma achieved partial remission 
according to the RECIST 1.1 standard. The duration of 
remission can reach 27  months, and no serious adverse 
reactions have been reported.

2.2  EGFR inhibitor
Lapatinib is a reversible bispecific inhibitor of EGFR 
and HER2. Lapatinib can be used in the treatment of 
locally recurrent or metastatic drug-resistant chordo-
mas. In 2022, the second edition of NCCN guidelines 
was changed from class 2B recommendations to class 
2A recommendations. In phase II clinical trial (Lebellec 
et  al. 2016a), 18 patients with EGFR-positive chordoma 
were included, and lapatinib was used alone for 1500 mg/
day until the disease progressed or toxicity became intol-
erable. Among them, 6 patients (33.3%) had PR and 7 
patients (38.9%) had SD, which were evaluated by the 
Choi standard, with an mPFS of six months, and the 
mPFS evaluated by RECIST standard was 8 months, The 
clinical benefit rate was 22%.

Erlotinib (Stacchiotti et al. 2018) is the most commonly 
used EGFR inhibitor, and NCCN guidelines recommend 
a single drug for the treatment of recurrent refractory 
chordoma. A case report showed that there were symp-
toms and radiological reactions to erlotinib after imatinib 
treatment of metastatic sacral chordoma progressed, and 
the imaging showed partial remission at two months. 
The rash is the most common treatment-related adverse 
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reaction in patients. However, in another clinical study 
(Lipplaa et  al. 2016), a 69-year-old patient with EGFR-
positive imatinib refractory sacral chordoma and lung 
metastasis used erlotinib after disease progression. The 
patient received the combination treatment of imatinib 
and everolimus plus metformin. Despite the short-term 
clinical benefits, the patient experienced rapid clinical 
deterioration. And he died after 8 weeks of treatment.

2.3  VEGFR inhibitor
Sorafenib is a kind of tyrosine kinase inhibitor target-
ing VEGFR and PDGFR. In phase II clinical study con-
ducted by lebellec, l. et al. (Trapani et al. 2017), patients 
with locally progressive and metastatic chordoma were 
recruited. All patients were treated with sorafenib, and 
12 of them had previously received chemotherapy and 
molecular-targeted therapy. The 9-month PFS rate was 
73.0%, the 12-month overall survival (OS) rate was 86.5%, 
and the mPFS was 12  months. The common grade 3–4 
adverse reactions (AEs) of sorafenib are severe thrombo-
cytopenia and diarrhea. The rate of grade 3 is 77.8% and 
the rate of 4 AEs is 14.8%, which limits the clinical appli-
cation of sorafenib. Further analysis showed that having 
high VEGF levels in the blood is closely related to the 
poor prognosis of patients.

Thalidomide is also a VEGFR inhibitor. It can be used 
as a second-line treatment after the treatment failure 
of the combination therapy of imatinib and rapamycin. 
One case reported that a male patient with metastatic 
clival chordoma received multiple rounds of treatment 
over nine years. From the earliest diagnosis of chordoma, 
brain and lung metastases appeared in the eighth year. In 
the ninth year, the patient’s intracranial metastases and 
lung metastases progressed rapidly, and the disease was 
stable after using the combination treatment of liposomal 
doxorubicin and thalidomide. Adverse reactions such as 
rash and fatigue can be tolerated.

Pazopanib is a tyrosine kinase inhibitor targeting 
VEGFR. In the retrospective study (Stacchiotti et  al. 
2012) carried out by lipplaa et  al., patients with locally 
advanced or metastatic chordoma received pazopanib. 
The patients obtained 50% clinical benefit, the disease 
stabilization time was 14  months, and the mOS was 
15 months.

2.4  IGF inhibitor
Linsitinib (Lebellec et  al. 2016b) is an inhibitor of IGF-
1R and insulin receptors. IGF-1R can be detected in the 
cell membrane and cytoplasm, which is closely related to 
the recurrence and metastasis of chordoma. Activation of 
the IGF signaling pathway often leads to the occurrence 
and development of chordoma. Benign notochord cells 
were not detected. Linsitinib combined with erlotinib has 

a synergistic effect. In a phase I study, a patient received 
50 mg Linsitinib once a day combined with 50 mg erlo-
tinib once a day. From 43  months, the measurement 
of Linsitinib was added to 50  mg twice a day to obtain 
18 months of PFS. The disease was stable for five years, 
and the main adverse reactions were prolonged QT inter-
val and abnormal liver function.

2.5  mTOR inhibitor
Rapamycin is a macrolide immunosuppressant. Sirolimus 
or everolimus alone have no effect on chordoma. Accord-
ing to NCCN guidelines, imatinib combined with siroli-
mus can be used for recurrent and refractory chordoma. 
Rapamycin can inhibit mTOR, and then inhibit the 
expression of downstream eIF4E, to affect the regulation 
of the cell cycle, promote apoptosis, and inhibit angio-
genesis by inhibiting the expression of VEGFR and HIF-
1. In addition to PDGFRb, the mTOR pathway can be 
activated in chordoma, accompanied by upstream RTK 
mutations, and affect PI3K/AKT/mTOR feedback circuit. 
Therefore, combination therapy can be considered.

In one trial, Stacchiotti, S Et  al. (Hindi et  al. 2015) 
recruited patients with progressive chordoma. The 
patient is resistant to imatinib and is accompanied by 
activation of the mTOR target. They received the com-
bination treatment of imatinib (400 mg/d) and sirolimus 
(2  mg/d). The average treatment time was 9  months. 
Using Choi criteria to evaluate the response, 9 patients 
can evaluate the treatment response, and at 3  months, 
7 partial remissions, 1 stable, and 1 progress. Among 
them, 6 patients were associated with Akt activation, and 
7 patients were associated with s6sp6 expression or acti-
vation. In another study (Stacchiotti et al. 2009), patients 
with imatinib-resistant chordoma received the combi-
nation therapy of imatinib( 400  mg/d) and everolimus 
(2.5  mg/d) until disease progression or the occurrence 
of severely limited toxicity. According to Choi’s criteria, 
the 9 and 12 months PFS rate is 58.8% and 48.1%, respec-
tively. The mOS was 47.1  months. Notably, 60.5% and 
30.2% of patients temporarily and permanently stopped 
treatment due to adverse events.

2.6  Other inhibitors
Patients with chordoma usually show the deletion of the 
smarcb1 site. Smarcb1 can antagonize histone methyl-
transferase EZH2 and activate CDKN2A, thereby inhib-
iting CDK4/6 and Rb signaling pathways and regulating 
the cell cycle. In a phase I experiment on EZH2 inhibitors 
(Aleksic et al. 2016), patients obtained 100% clinical ben-
efit. At the same time, chordoma is often accompanied 
by chromosome 9 variation, and CDKN2A is inactivated, 
which activates CDK4/6 and Rb signaling pathways and 
promotes tumor proliferation and metastasis.
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In another preclinical experiment, Adrian von witzle-
ben et  al. analyzed the immunohistochemistry, genom-
ics, mRNA, and protein expression of the tissue bank of 
43 patients with chordoma and confirmed that all cells 
showed the deletion of CDKN2A and p16, resulting in 
the general activation of CDK4/6 and Rb pathways. Pal-
bociclib treatment effectively inhibited the growth of 
tumor cells in vitro. Based on the immunohistochemical 
expression of CDK4/6/prb (s780), the molecular charac-
teristics of drug response and non-response were defined. 
Chordomas with higher proliferative activity have higher 
expression of PRB. The high expression of PRB is related 
to the increase in the Ki-67 index.

At present, clinical trials related to CDK4/6 inhibitors 
(NCT03242382 and NCT03110744) are in progress.

3  Immunotherapy
The immune microenvironment of a chordoma has inter-
actions with chordoma in many circumstances, affecting 
the invasiveness of tumors. New treatments targeting the 
immune microenvironment have been developed. Zou 
et  al. (Chi et  al. 2018) reported that the expression of 
PD-L1 in tumor tissue is related to the increased level of 
tumor-infiltrating lymphocytes, while the expression of 
PD-L1 in tumor-infiltrating lymphocytes is related to the 
improvement of local recurrence-free survival and OS. In 
the contrast, the expression of PD-1 on tumor-infiltrating 
lymphocytes has a close relationship with adverse clinical 
outcomes (Feng et al. 2015). Ga19 is an apoptosis-induc-
ing factor that interacts with Tim-3 positive T lympho-
cytes. The expression of Ga19 in chordoma is related to 
the increase of Tim-3 positive tumor-infiltrating lym-
phocytes (TILs), which is usually related to poor clinical 
outcomes. At the same time, the down-regulation of mir-
455-5p can promote the expression of ga19. CTLA-4 is 
also expressed in chordomas and TILs. The high expres-
sion of CTLA-4 is related to the poor clinical outcomes 
of patients (Zhou et al. 2019). Cspg4 can be detected in 
most chordomas, whose high expression can lead to the 
metastasis of chordomas (He et al. 2020). EZH2 is a his-
tone methyltransferase. EZH2 can regulate cell differen-
tiation. The activation of EZH2 is related to the initiation 
and development of chordoma. Patients with chordoma, 
who is resistant to the standard treatment can benefit 
from the treatment with a tumor vaccine or immune 
checkpoint inhibitor (Schoenfeld et al. 2016).

3.1  Immune checkpoint inhibitor
Studies have reported that after the use of pembroli-
zumab in patients with chordoma who failed the stand-
ard treatment, the tumor subsided significantly, and 
the recovery of facial paralysis occurred during the 
6-month follow-up period (Gan et  al. 2018). A case 

report describes a patient with a mutation of the PBRM1 
gene diagnosed as metastatic chordoma (Migliorini et al. 
2017). After receiving pembrolizumab, the tumor bur-
den was reduced by 30%, and the progression-free sur-
vival was more than 9 months. Meanwhile, through the 
organoid culture of chordoma, it was found that PD-L1 
expression in chordoma was related to tumor-infiltrating 
lymphocytes, but its response to immunosuppressants 
could not be predicted (Wu et al. 2020).

3.2  Short peptide vaccine
Brachyury is a transcription factor protein product of 
the T-box gene, which plays an important role in regu-
lating the initiation and metastasis of chordoma and is 
a driving factor in the occurrence of chordoma. T gene 
replication and single nucleotide variation can lead to 
the occurrence and development of chordoma. Studies 
have confirmed that targeting lethal T genes can improve 
the local recurrence-free survival and OS of chordoma. 
In one study (Ao et  al. 2022), 11 patients with locally 
advanced chordoma were treated with the Gi-6301 vac-
cine (yeast Brachyury vaccine). The mOS of patients was 
8.3  months. According to the Choi standard (2007 edi-
tion), the clinical benefit rate (CBR) was 70%. The most 
common adverse reaction was the injection site reaction.

Mvx-onco-1 (Demaria et al. 2020) is an individualized 
anti-tumor vaccine, which is composed of irradiated sin-
gle tumor cells and promotes antigen-presenting cells to 
present tumor antigens. After 19  months of treatment 
with the mvx-onco-1 vaccine, the imaging performance 
of chordoma patients continued to improve.

Car-T (Mach et al. 2016) treatment-related clinical tri-
als are also in progress.

4  Chemotherapy
Cisplatin is an alkylating agent, which acts on the DNA 
of chordoma cells, affects the expression of genetic 
material of chordoma cells, and works in synergy with 
imatinib (Folkert et  al. 2019). NCCN guidelines rec-
ommend that the combined treatment of imatinib and 
cisplatin can be used for drug-resistant and relapsed 
refractory chordomas. At the same time, studies have 
shown that bortezomib (Whelan et  al. 2018; Trucco 
et  al. 2013), camptothecin (Xia et  al. 2013), cyclophos-
phamide, and other chemotherapy drugs mainly act on 
the u-ch1 cell line, which can reduce the tumor volume 
of chordoma. Baldi, GGEt al. conducted a retrospective 
study on cisplatin or in combination with imatinib in 
the treatment of patients with advanced Brachyury posi-
tive chordoma. According to the analysis of all patients, 
84.3% of the patients were SD. At the median follow-up 
of 54.0  months, the mOS was 30.3  months, the mPFS 
was 8.0 months, the PFS rate was 65.2% in 6 months and 
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30.3% in 12  months. Among the 22 patients with cispl-
atin, the best response of 18 patients (81.8%) was SD, 4 
patients (18.2%) developed progression, and the mPFS 
was 8.0  months. Among the 10 patients who received 
imatinib plus cisplatin, the best response was SD. The SD 
rate of patients is 90%, 10% of patient occurred disease 
progression and the mPFS was 9.3 months.

The results of preclinical studies (Adenis et  al. 2013) 
showed that the combination of imatinib mesylate and 
metronidazole cyclophosphamide had a synergistic 
anti-angiogenic effect on pericytes and endothelial cells. 
Imatinib mesylate and metronidazole cyclophosphamide 
were used to treat chordoma patients, and no dose-limit-
ing toxicity was observed in the phase I experiment. The 
mPFS of patients was 10.2 months.

At present, the inhibition efficiency of chemotherapeu-
tic drugs on the u-ch2 cell line is not high, which limits 
its clinical application. In a preclinical study, a biocom-
patible RNA nanoparticle used as the delivery system 
(Kato et  al. 2011) was constructed. It includes a 3-way 
junction nanoparticle and an EGFR aptamer for specifi-
cally targeting chordoma cells, 3-way junction nanoparti-
cle is particularly targeting EGFR-positive cell line u-ch2. 
The targeted 3-way junction nanoparticle provides a new 
treatment method for chordoma.

5  Conclusion
Chordoma is a kind of tumor that can occur in the skull 
base, spine, and sacral vertebra. It is resistant to radio-
therapy and other traditional treatments, and recur-
rence and metastasis are often unavoidable. At present, 
molecular targeted therapy based on gene screening and 
immunohistochemistry has improved the prognosis of 
patients to a certain extent and has been included in the 
recommendations of NCCN guidelines. Single-drug tar-
geted therapy can be used for first-line treatment, and 
combined therapy can be used for patients with drug 
resistance. At the same time, in recent years, we have 
also fully studied the immune microenvironment and 
its genetic and molecular markers of chordoma. On this 
basis, we have developed personalized immunotherapy, 
such as immune checkpoint inhibitors and short pep-
tide vaccines. It has been confirmed by clinical trials that 
patients can obtain certain clinical benefits. At present, 
it is mainly pre-clinical and phase I and II clinical trials, 
there is a lack of large randomized controlled multicenter 
phase III clinical trials, and the safety and effectiveness of 
the treatment need to be further confirmed. In the future, 
further research is needed to clarify the treatment-related 
targets and molecular markers of treatment prognosis. At 
the same time, clinical trials should be promoted to real-
ize the individualized treatment of patients.
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